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Shell Development Company

Interofilce Memorandum
AUGUST 30, 1979
FROM: V. L. KIRKLAND, SR, PHARHACOLOGIST, TOXICOLOGY LABORATORY,

HEAD OFFICE

TO: E. Y. CHAIl, SR. RESEARCH MATHEMATICIAN, BELLAIRE RESEARCH CENTER

SUBJECT: VINYL CHLORIDE (VC) - CPSC INHALATION STUDY -

Attached is a copy of the subject report. On the basis of data developed
in the study, the authors have reached certain conclusions regarding the

carcinogenicity of VC; unfortunately, the conclusions are not supported by
any statistical analyses.

It would be appreciated if you would review the data to determine if it
is amenable to statistical work-up. |f such analyses are practical on the

basis of the data, your views on the appropriate approach(es) would be
appreciated.

A discussion of this report is an agenda item for the next meeting of the
CMA Vinyl Chloride Research Coordinators on September 20, 1979.

Your
response prior to the latter date would be most helpful.
The project number for this activity is 83569.12.
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Shell Development Company

{nterotftice Memorandum

AUGUST 30, 1979

FROM: V. L. KIRKLAND
TO: R. E. JOYNER, M.D.
SUBJECT:quPICHLOROHYDRIN: SWEDISH EPIDEMIOLOGY STUDY

Attached, for your information, is a translation of the paper, 'Mortality
and Cancer Morbidity in Workers in the Swedish PVC-Processing Industry,"
by Holmberg, et al. This report was received via CHA.
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MORTALITY AND CANCER MORBIDITY IN WORKERS IN THE SWZDISHE PVC-PLOCEISING

INDUSTRY

BY . °

) .
Bo Hombderg, Stig Elofsson, Lars Holmlynd, Rein Maasing, Gusiavo Molina
and Peter Westerholm

Vinyl chloride has proved to be the cause of sclerodermia, Raynaud's
disease, acro-osteolysis, liver damage and liver cancer {(hmangiosarcosa (7)
in workers exposed o0 vinyl chloride monomer (VCM). This has been proved
in investigations carxried out in businesses producing polyvinyl chloride
(pvc) (5,8). Studies using animal experiments have resulted in reporis
that inhalation of VCM has given rise to malignant tumours in different
organs in rodenta (6,9,18).

In Sweden, in 1974, two cases of haém&nciosarcom: of the liver wecre confirze:
in employees of 2 VCM and PVC-producing company {(2). Subsequently, two

" further cazses occurxed in the same factoxy.

Studies (13,16) of different forms of ‘cancer indicate that workers
exposed to VCHM in PVC~producing ivdustries may run an increased risk
of dying frox forms of cancer other than haecangiosarcoca of ths liver.
Earlier, zn increased rate of-moxrtality from heart/vessel diseases(1)
vas algo observed in exmployees .of the PVC-producing industxy.

This retrospective cohort study was carried out with the purpose of
surveyinz the pattern of morbidity and death in the PVC-processing
industry. In general there is a lower level of exposure to VCM in the FVC-
processing industry than in the productio:d industry. There are ca. 5,000
people employed in production in the PVC-processing industry.

MATERIAL AND METHODS

For the investigation, information was collected from four PVC-processing
enterprices. The four enterprises all use FVC which, following the
addition of different chemicals, undergoes heat-treatment to produce,
emongat other things, flooring, PVC-coated fabrics, pipes, and food
packaging. ,

Colleciion of data

The following information was collected from lists of personnel
employed with the enterprises :

Staff{ nucher

Name .
tart and end of exposure (year and month)
Cldss of exposure. SCC
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The requirement for a person to be included in the original cohort

is at least 3 months' employwent, between 1945 and 31.12.74. Fxpssuren
are clasnifiod as follows : Class 3 (high) : working in the blending
department; Class 2.(mediunm) : heat-treatment machines; Class 1 {Low) :
other production departoments. S

The collected data was tranzferred to punched cards and magnetic tape
for statistical processing. The magnetic tapo was compared, at the

_ Central Office for Statistics (SCB),with the country‘s total population
and with the "death tape" fox the period 1961~76, and checked against
the cancer register. The number of persons who could not be found vas
checked at the State Tax Dept. In all, 2073 persons were included in
the origin2l cohort. 103 persons had dropped out (5 %), of vhom 70
have gone abrovad, 5 appear in the State Tax Dept.'sa register of
missing persons and 28 could not be traced.

Study cohorts

For statistical purposes, the resulting cohort of 1970 persons was
divided into a number of sub—cohorts (study cohortas) :

1. A1l persons with at least O months exposure. TFollow-up perfod
froo beginning of exposure up to 1976 inclusive.

2. All persons vith at least 6 months® exposure, excluding those
who left before 1961. Follow-up perlod from beginning of exposuve,
but not earlier than 1961, up to 1976 inclusive.

3. All persons with at 1ea;t 6 months'" exposure, beginning not earlior
than 1961. Follow-up period {rom beginning of exposure up to 1576
inclusive.

4. A1l persons with at least 2 years' exposure. TFollow-up period fronx
two yeaxrs after beginning of exposure, but not earlier than 1961,
and up to 1976 inclusive, but not more than 10 years after end of
exposure.

S.IAll persons with at least 2 years' exposure. Follow-up period from
10 years after beginning of ‘exposure, but not earlier than 1961, and
up to 1976 inclusive.

The last two study cohorts were selected in order to investigate whether
there are any differences in the cause-of-death pattern with regard to
how long after the beginning of exposure death occurs. The object of
the first of the gtudy cohorts is to shed light on the cause of death
occurring relatively early — e.g. accldent caused by the work. The
object of the othexrs is to shed light on any causcs of death occurrirz
after 8 fairly long period. For example, tucours caused by cxposurs

at work often have a long incubation period, as a rule 5-10 ycaro

or longer.

Statintical methods

The final analysis was corried out on the basino of two methods. In lMathod 4
the observed amd anticipated number of deaths/cascs of cancer (cincer
incidence) was calculated on the basis of the calendar year, and in

Method B, the'observed/énticipated amnual risk of death was calculated

on the basls of the risk year.

. scCe
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Method A

For each person, a calculation’is car%ied ou:t of the "annual contribution
to the anticipated number of deaths" by dividing each individual‘s death
expectation by a amall part of each calendar year, in accordance with
the formula : |

e _ x x x
o = Say p1_1'y_1 eesemess e Poy

vhere exy is the contribution to the anticipated numder of deaths during

year x 8t the age of y anéd q__ is the risk of death throughout the count=v

for those who were y years old during year x. The suxvival probadility
is pxy = 1 - qu. However, for the first Tisk year,.the survival
probability is caleculated aa p, = 1 - iqab' as it can be reasonably
assured that on average exposure began in the middle of the year.

The individual eiy hay been added up to E vhexre E%y is the anticipated
mumber of deaths during year x amongst those who are (or would have
been) aged Y. Corresponding sums have been carried out for the obaexved
rumber of deaths. By taking all ages lnto account for & certain year,

the expecied/observed number of deaths that year ic obtained.

As each annual total consists 6f & relatively small numbexr, as time goes

on, the years have been added to each other (accumulated) to give a better
picture of the development. ~ The accumu;ated anmual sums show the developzen
up to and including the year to which the sum relates. In order to
facilitate comparison of different sub-groups, the accurulated sums

have been converted to percentages of the nucher of persons included

in the follow-up up to the present.

The expected nucber of deaths from & specific cause, e.g., heart infarction,
has been calculated by multiplying Exy by the proportion of deaths from
heart infarction in relatjon to all deaths throughout the countxry during

Year x 2t age x,' The numbers thue obtained have been added up for two
periods, 1961-1968 and 1969-1976. The reason for division into these
particulax perivds is a thorough revision of the czuge-of-death
classification which was first applied in 1969.

SCC
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To examine whether the total mimber of deaths deviates from the expected
figure to an extent too great to be attributed to chance, an X2 test has
been used. The observed distribution of deaths arongct different causes
was checked against that expected by wmeans of an %2 test.

Calculations ware carried out in the same way for the inciderze of cancer,

except that the following formula was ‘used :

] = I X g

X .00 X 8
¥ T Xy x~1,y-1

ab > P x-1,y 1% et * Py

where r&y constitutes the xisk of a tumour being diagnosed at age y.
during year x, 3xy = 1—r&y and Exy'denotes survival probability. This
somewhat more complicated formula takes into accountthe fact that a
person's risk of cancer at a certazin time is calculated with reference

to the probability of his surviving up to ithat time.

Method B

The beginnirg of exposure or the time when the risk is seen as sieriing
constitutes the starting point.(tlme = 0) and time i3 calculated in
risk years. The observed risk of death during a risk year (x,x + 1)

is calculated in accordance with the formu}a q, = 1 - P where P, is
the probability of surviving the curxzent risk year, provided that ihe

person concerned survived the previous year (ref 3) :

;
- 1/263':;\/4 df + 4(NI --1/2nx} (sx + 1/2 wx)

2

Py =

2 (N -~ 1/2n_)

In the formala, N is the number of persons alive at éhe beginning

of risk year Xx, 8, is the number of persons who survived the rigk year
( Nx + 1), whilst v is the number of permons who dropped out of the
follow-up during a risk year, as the closing date (31.12.76) occurred
during their risk year.. d is the number of persons who would have

dropped cut of the cohort but died, and n_ is the sum of ¥ and d;-

. scC
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The expected ;isks for each risk yeéar.have been calculated as the
average value of the risks of éeathmcntioncd in Yethod A above,
qu' nince account was taken of when the follow-up started. TFor

a person whose follow-up siarted in year n and vho waa b years old,
the risk during the first follow-up year wag calculated as

9y = 1/2 oy + 1/2qa + 1,0 The average rick during the first
risk year was calculated as the average value of all such risko QG-
The dcvelopment over the period is illustrated by calculating the
accurulated probabilities of survival on the basis of the observed

and expacted annual prohabilitdies. The formula

Pox ™ Pp X Py¥ec-re Py 4 )

expreases the probability of surviving from the beginning of the follow-up

until a point in time x.

If no discrepancy is found beiﬁeen observed and expected risk, the cbsexved
and expected risks for each risk year ghould be equally gre;tu In order
to i1llustrate whether there are changes over the period, the observed risk
series has been established by a 3I-part siiding average, i.e. the risk for
Year 2 iz the average value f;r the years 1-3, the risk for year 3 is the
averaze value of the rigks for years 2-4 etc. The series egtablished in
this way has been divided by. the expected risks, year for year, thus
obtaining a risk quota. If no.discrepancies are found, this risk quota
will be ca. 1, or, expressed 83 a percentage, 100. An increasing series
indicates a risk increasiné with exposure, and a series which is coastant
at first, but after some years begins to increase, indicates that the
exposurc rmust reach a certain level before there can be a question of a=x
increase in risk.

ScC
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The original cohort was relatively young at the beginning of exposure.
Lge distribution into different classes of exposure is shown by Table 1.
There are certajin diffefénces between the classes of exposﬁrc. In Class 1
(Tow), 41.7 %‘ycre younger than 35 yeara at the beginning of exposure,
in Class 2 (wedium), 47.7 %, and in Class 3 (high), 50.6 %.  The durztion

of exposurc also differs according to the Class of exposure (Table 2).

———



It should however be noted that the table includes czses still subject
to exposure on the last date for inclusion in the cohoxt (31.12.74),
which explains & certain tendency towaxrds short periods of exposurec.

. Notwithstanding this, Exposure Class } includes longer periods of

exposure on average.

The cohor:t as a whole phows up no notcworthy increase in the {otal

rigsk of death compared with the averags for the country, noxr was

there any indication of this in the sub-groups cowprising the .

study cohorte. -

Study cohort 1, which includes gll‘those with 2t least 6 months!
exposure, and with the risk calculated from the beginning of exposure,

is somewhat recarkable insofar as the expected number of deaths is
significantly higher than that observed in 1954 (Fig. 1). FPurther
comments on this are contained in the discussion. Study cohort 2 (Tables
‘3 and 4, Fig. 2) includes iersons with at lecast 6 moniths' exposure, excludin
those who left before 1961. The calculation of the risk is carried out
from the beginning of exposure, but not earlier than 1961, and up to

the end of the follow-up period (1976). The number of deaths observed

is somevhat lower than expected — 1n Exposure Class 2 much lower. (Classes
2 and 3 are relatively small and vith'this type of analysis are subject
to rendom developments. To prevent chance developzenis affeciing the
result, the claeses have been combined; this applies to 2ll the study
coharts. Table 4 shows the distribution amongst different causes of
death. The observed and expected number of deeths during the vericd
1961-68 is relatively smwall - only a few caces, and as the cause-of-death
clasnification was changed in 1969, as mentioned previously, the period
1961-68 is rot shown separately. The picture ie broadly the same as

for the period shown — 1969-76. Table 4 shows that the observed nurzber
of dgaths, in pgrticular from tumours of the digestive organs, heart
-Infarction and accidents etc. is somewhat higher than expected. Hovever
the discrepan:zfes are not significant. Study cohor:t 3 (Tables S and 6,
Figs. 3-5) which apply to those who started in 1961 or later but vho
otherwise fulfil the same criteria as otudy cohoxt 2, shows.a sicilar

picturc.
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An analysis of Study Cohort 3 in accordance with method B (Figa 4-95)
indicates that the annual risk during .the first yecars af exposure is
pomewhat lower than expected , but after ca. 10 years there is an

increase in risk, so that the observed risk is highexr than expected.

In study cohoxt 4 (Table ) Q%ich relates to the period of continuous

exposure or a relatively short time after the end of the exposure, i.e.
the "short-term perspective", there is an increased risk of death Irom
heart infar—ction. In this case the risk from other causes is somewhat

lower than expected.

Finally, in study cohort 5 (Table 8) there is an indication of an increase
in the risk of death as regards.tumeurs. but zlso heart infarction,
Discrepancies between the observed and expected number is however not
statistically establishedat the 5 % level.

The result with regard to mor%glity can be surmarised as follows :
Taken as a whole, there 18" no appareni increase in moxrtality in the
study cohorts. On the other hand, there are indications of a shift

In the cause-of-death pattern_aa compared with the average for the
countxry. This shift fis chiefly expressed by the fact that the number
of heart infarctions is evidently higher during continuous exposure ox
vithin a relatively short time after exposure ended. There is also an
indication that the risk of death from tumours can be increased azongst

persons, with a long incubation period (Tables 7 anéd 8).

With regard to cancer morbidity there is no definite increase in study
cohort 2 (Table 9 and Fig. §). With regard to tumours of the digestive
organa, 11 cases were observed, aB against 8.5 expected. The differences
are not statistically established. One of the 11 cases of tumour wvas
cancer of the liver, .

DISCUSSION

A noteworthy finding of ‘the analysis of the total mortality for the
cohort (Fig. 15 is the fact that the number of deaths at the beginning
of the observation period (1947-64) is significantly lower. than that
to be expected in relation to the average for the country. This

—_— SCC
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discrepancy ié 50 great that it cannot simply be attributed to chance,
nor cen it be wholly ascribed to the sa-called "healthy wozker effect™.
Theoretically it is of course possidle that with regerd to mortality
and connccted factors, the selected cohort differs considerably frea
“the population of the country as a wholec. However a more likely

. explanation is that the list of persons available in the company
concermed at the time of this investigation was incomplete with
regard to persons eaployed during an earlier period. A list of
persona from which for eyample in the ©id-19603 persons who left

its employ before 1960 were removed, may result in'the sbove-mentioned
discrepancy. The company concerned has stated that, to its ¥nowvledge,

no such “thinning out" was carried out. -

Should this "thinning out" have.takén place after all, thie would have
resultied in a loss of persons with a long observation period at the

time of the follow-up. In this investigation the risk calcuwlations

have been restricted so that they begin no earlier than 1961. This

means limiting the analysis to the group of surviving employees, beginning
in 1951 go that the risk of & loss caﬂ certainly be eliminated. ERowever
thie restriction reans that the aﬁalysis is weakened, 23 secticns of the
cohort with long follow-up periods are excluded. This principally ceans
that thexre is less possihility.of detecting an increased incidence of

cancer, should one exist,

Heart-infarction mortality (ICD 410.90) is increased in the cohort.
This increase appears most clearly in the category of the total
cohort with at least 2 years' employment, where the analysis is
concerned with the period following two years from the beginning of
employment end extending to a maximum of five years after terxmiration
of employment. It thus deals with those deaths from heart infaxction
which, with regard to time, occur relatively close to the period of
employment. It is not‘possible on the b&sis of such observations to
draw the conclusion that the increase is caused by exposure to vinyl
chloride. The observed increase in mortality from heart infarction
is bowever go marked, th;t in combination with Ymown {acis concerning

vinyl chloride's toxic properties, it must be taken into account.

scC
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There {0 no reason to assume that %hrying diagnostica, standarda

or practice in the filling-in of death certificates alene can

provide an explanation. Disregarding the possibility of a chance ’

local phanosenon, a natural conclusioﬁ.in thercfore that the increaced
frequency can be ascribed to efither a gelecction of individuals susceptidle
to risk, or an outbreak of risk factors in the employee's immediate
environcent. In theoxy, & combination of thece ia, of couxse, z2lso

ypossible.

In this connection it should be noted that many risk factors in the
case of heart infarction are connected with environment in the sense
that they constitute part of the life style in the present-day social
environment of an industrialised country, Cigarette cooking, fhysical
inactivity, ovexweight, high blood7}ipid content thus constitute
environmental factors which are connected with social behaviour.

It is a2 well-Xnown fact that the r%Fk of coronary heart disease varics
according to the total risk factors amongst other things. Other risk
factoxrs which may be mentionea.include Lereditary characteristics and
high blood pressure: In this connection it should be remexbered that
the causes of coronary disemse include wany factors, and in this respect
the disease is connected with environment. It should-also be borne in
mind that the totzl risk incr;aaep when several risk factors, known or
uwnkmown, are cocmbined (15,17).

It has not been poasible to establish -the distribution of such already-
known risk factors for coronary disease.in the cohort examined in
comparison with the populztion of the country in general. "MNo continued
analysis of the question of causal relationship between immediste
environnent and heart-diseass morbidity can thercefore be carried out

within the context of this study. l—gggl

In thie study, exposure classes 2 and 3 constitute sub-cohoxrts which

are too small to give rise to weaningful discusaion of hea£t~infarct10n
risks in relation to different levels of cxposure within the processing
industry. In this connection account should also be taken of the fact
that the exposure classes in the study are based on intexrviews with
employeces concerned with the work environment between ten and fifteen
years ago. 1%t thus deals with an environment which has since undergone
changac. There are no objective classification eriteria with regard

t0 exposure, e.g. in the form of environmental wmeasurements. The

distribution into exposure classes is therefore iwmpaired by uncertainty.



JAnimal tents have Bbovﬁ that the toxleity picture in rodents with .
chronic exposure to VCI{ involves blood vesoels. In addition %o
beamangiosarcoza of the liver and other organs (6,9), inhalatfon

of VCM almo seema to lead to telangiectanis (6) of the liver in ﬁice.

" which may leadé to death in haemocoele; Changes in sinus cells have

been observed in liver biopsies of V(li-exposed workers (14). Capillary
changes in the skin of the fingers have clso been observed (10,11,12)
both in VCii-exposed workers with other diseases involving veasels, such
as acro-osteclysis, Raynaud's disease and sclerodermia and in VClM-exposed
workers without such diseases. An over-representation of cases of death
{from heart/ﬁessel diseases has also been observed in a study of the PVC-
ranufacturing industry (1). Animal.experizents and earlier medical
studies of people exposed to VCM thus support the assumption that the
increased risk of hearxt iniarction.obgerved in this study could be

ascribed to YCI exposure.

With regard te tunour mortality and morbidity, the result fs uvnclear.
There are certain indicetions of an increase but the differcnces
have not been established by statistics. Two possibilities can be

considered here

1. There is in reality no increasse in the Tisk of tunmdurs.

2. There is an increased risk of tumours in the works itsel(. Tne
result neither confixrms nor denies %his. Tumours only appear
after a long incubation period. The majority of the persons
included in the siudy did not begin thelir exposure until the
605 or 703, and could therefore not be followed up for a sufficicntly
long time. A careful follow-up of thias cohort during the coxming
S5-year period should considerably clarify this question.

In this connection it is interesting that in a recently published
mortality study (4) of over 4300 deaths in the American PVC-processing
industry there is an over—representation of cancer mortality (all cancex),

and in particular cancer of the stomach/intestines in both sexes.

s5ce
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SUIMMARY

Personnel lists were collected froo fdﬁr PVC-processing cnte:p?izes

for production workers with at least 3 ponths' enployment between 1945
and 31.12.1974. 0Of 2073 persons, 103 could not be followed up, e.g.
because they had gone abroad.” The xewmaining cohort of 1970 individuals
was analyeced and compared with the population of the country with regard

to rortality in different diseases and to éancer norbidity.

The risk of death from heart infarction was highexr in the cohort. Thisa
incrcase i3 shown most clearxrly in the sub-cohoxt with at least 2 years!®
exposure, where the enalysis was concerned with events occurring during
exposure ox shortly after. The -xisk of heart infarction in connection
with vinyl-chloride exposure is discussed in relation to earlier studies
of the effect of vinyl chloride on vessels. There is also en indication
éf an increased risk of morbidity and mortality in connection with tudouras
of the digestive oystem. This has not been esiadblished by statistics. A
future follow-up of this study is necéseary to clarify whether thexe is
any increased rigk of tumours in the PVC-processing industry.

Xev words : Reixospective cohoit'etudy, vinyl chloride, P¥C-processing

industry, cancexr, tuzours of the digestive gystem, heart infarction.
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Exponure Class .

_Age 1 2 "3 1-3

-19 - 1.4 2.0 g8.¢% 2.1
20-24 7.5 12,6 14,3 9.2
15-29 13.5 15.7 21.4 14.¢
30-34 1.3 15.4 17.0 18.3
35-3¢ 17.0 13.2 10.7 15.9
4C-44 13.7 12.6 g.8 13.3
45-49 1. 12.4 8.9 1.3
) . 50-54 8.0 7.8 5.4 7.3
55-59 5.1 3.9 1.8 4.7
60~-44 2.6 2.0 1.8 2.4
65~ 0.7 0.1 0.0 0.4
No. of 100 % 100 % 100 % 100 % -
L__ pexsons (1501 st) (357 st) (112 st) (}970 st}

Table 1. Age distribution in the origiral cohoxrt at the beginning
of exposure (%3). ’ ’

Exposure Class

Months 1 ‘2 3" 1-1
-5 13,1 0.3 0.0 " 0.4
6-23 38.4 8.4 8.% 31.3
24-59 25.0 17.4 10.7 22.8
§0-119 15.3 45.7 15.2 20.8
120- . 8.2 28.3 65.2 15.1
100 % 100 X 100 % 100

Tabdle 2. Exposure-period distribution in the originml cohort (%).

5CC
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Cohort No. No. of deatﬁs

Quota  Approx. 95 % conf.
Chs. Exp. intexval
Exp. klass 1 1303 53 55.5 .95 2 0.26
Exp. klczs 2 358 12 . 21.9 0.44 ¥ 0.3¢
Exp. kloss 3 112 L4 10.3 0.70 T 0.47
Exp. kloss 1-3 1771 73 87.8 .84 Yoty

— -

Table 3. Expected and observed numbe. of des

-_—

ths 23 at 31.12.76

amongst those with at least 6 months! exposure, excluding

those who left befors 1961.

beginning of exposure, but not before 1961.

(1771 persons).

Calculation of risk {roam the

Study cohoxt 2

Obsexrved Expected Quota
Malignant tumours 140-209 .. 11 14.0 1.21
Tumours of the digestive 8 4.9 1.63
. systea 150-159 i .
Eéart and vessel diseases VII s 22 24.3% 0.91
Heart infarction 410.%90 15 10.0 1.49
Accidents, suicide etc. XVII s 9.2 1.42

Table 4. Expected and observed numbexr of deaths from certain causes
during the period 1969-1976 in those with at least & months'
exposure excluding those who left before 1961.
of risk frox the beginning of exposure, but not earlier than

1961. Study cohort 2 (1771 persons).

Calculation

scC
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Cohort No. ) Nlo. of deaths Quotn Approx. 95

S conf.
Obs. Exp. interval

Exp. Class 1 © 1139 43 41.2 . 1.04 + 0.3
Exp. Class 2 247 4 11.7° 0.34 + 0.34
Exp. Class 3 42 . 1 1.8 not not

calcul— ecalculated

ated
Exp. Class 1-3 1428 . 48 54.7 0.88 + 0.25

Table 5. Expected and observed number of deaths as at 31.12.76 in those
with at least 6 montha! exposure beginning not earlier than
1961. Calculation of xisk from beginning of exposure.
Study cohort 3 (1428 persons).

Obsexved Expected Cuota

Malignant tumours 140-209 .. 9 9.7 0.93
Tumours of the digestive systém - 4 3.3 1.20
150~-159

Heart and vessel diseases VII 16 16.2 0.99
Heaxt infarection 410.90 . 14 11.2 1.25
Accidents, suicide ete. XVII . 11 7.3 1.51

Table & . Observed and expected nurber of deaths from cextain causes
during the period 1969-1976 emongst those with at lcast 6
months' exposure beginning 1261 or earlier. Calculation of

risk from the beginning of exposure. Study cohoxt 3
(14°B persons).

Observed Expected Cotn

Malignant tumours 140-209 5 (9) 7.4 (8.9) 0.68 (1.01)
Tumours of the digestive

system 150-159 2 (4) 2.6 (3.2) 0.78 (1.27)
Heart and vessel disease 15(16) 12.7(15.8) 1.18 (1.01)
Heart infarction 11(12) 5.4 (6.6) 2.03%(1.82%)
~Accidents, puicide etc. XVII 4 (5) 4.6 (5.1) 0.87 (0.97)
* p <0.05

Table 7. OCbsexrved and expected number of deaths from cexrtain causes
during the period 1969-76 amongst those with at least 2 years'
exposure beginning not earlier than 1961. Calculation of ris«

) from beginning of exposure. Study cohort 3 (1428 persons)
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Observed Exvected Quota

Malignant tumours 140-209 9 6.0 1.51 |

Tumours of the digestive ’

system 150-159 . 4 2.2 1.85

Heart and vessel diseases VII 12 11.1 1.08
" Heart infarction 410.90 . 8 4.5 1.77

Accidents, suicide etc. XVII 2 2.5 0.79

- Table B. Observed and expected number of deaths from certain causes
during the period 1969-76 in those with at leest 2 years!'
exposure., The calculation of risk is caxrried out Lroa

ten years after the begirming of exposure. Study cohort 5
(680 persons). -

Observed Expected Cuote
Malignant tumours (4total) . 51 44.6 1.14
Tumours of the digestive T -
systen (150-159) . 11 8.5 1.29

Table 9. Observed and ezpeEted numbex -of cancer cases during the

veriod 1961-76 in those with at least 6 months! exposure excluding
those who left before 1961. Risk calculation from the beginning of
exposure, but not earlier than 1961. Study cohort 2 (1771 persons)
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Fig. 1
Accumulnted proportion of deaths in %. Expected value calculated
from beginning -of exposure. Study cohort 1 (1970 persons).

The percentage for a given year has been calculated as

100 = minber of persons dving up to the given veer inclusive
number of pergons beginning exposure up to the given year inulusive
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Fig. 2

Accurulated proportion of deaths in %. Expected value calculated
from 1961 inclusive. Study cohort 2 (1771 persons).

The percentage for a given yeaxr is caleculated as in Fig. 1.

(This also applies to Fig. 3 and Fig. 6, which relates to cases of
cancer). .
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Fig.3 S

Accumulated pioportion of deaths in % of those whose expoﬁufé began in
1961 or later. Study cohoxrt 3 {1428 persons)
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Fig. 4 The observed risk of death per risk year at different times
after the beginning of expressed as a percentage of the corresponding
expected risk in those whose exposure began in 1961 or later.
Studyﬁfo&ort 3 (1426 persons).
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Fig. 5 Accumilated survival probability in % for those whose exposure
began in 1961 or later and who have at least 6 months' exposure.

Study cohort 3 (1428 persons):’
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Fig. 6 Accumlated proportion of cancer cases in %. Study cohoxrt 2
(1771 persons).
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